Metabolomics is the study which detects the changes of metabolites level. Metabolomics is a terminal view of the biological system. The end products of the metabolism, metabolites, reflect the responses to external environment. Therefore metabolomics gives the additional information about understanding the metabolic pathways. These metabolites can be used as biomarkers that indicate the disease or external stresses such as exposure to toxicant. Many kinds of biological samples are used in metabolomics, for example, cell, tissue, and bio fluids. NMR spectroscopy is one of the tools of metabolomics. NMR data are analyzed by multivariate statistical analysis and target profiling technique. Recently, NMR-based metabolomics is a growing field in various studies such as disease diagnosis, forensic science, and toxicity assessment.
Introduction
Metabolomics, the systematic study of the full complement of metabolites in a biological sample, has become increasingly popular and significant in the life sciences. [1] [2] [3] Metabolomics allows for a comprehensive assessment of organism responses in the situation of the immediate environment changes, taking into account genetic regulation, altered kinetic activity of enzymes, and changes in metabolic reactions. [4] [5] [6] [7] Compared with genomics or proteomics, metabolomics reflects changes in phenotype reactions. 8 The omic sciences are complementary as ''upstream'' changes in genes and proteins, however, metabolomics are measured ''downstream'' as changes in cellular metabolism. [9] [10] Metabolomics is also a terminal view of the biological system, in the central dogma, not allowing for representation of the genes and proteins that are up or down regulated. Together with other omics, metabolomics provides additional information on specific reactions occurring in organism, enabling us to understand some of the metabolic pathways in pathological processes.
Metabolomics is the study of low molecular weight organic molecules within a cell, tissue, and bio fluids and how their composition varies with an external stressor. These molecules include endogenous metabolites, an important role in biological systems, which consist of amino acids, fatty acids, carbohydrates, vitamins, peptides, nucleic acids, organic acids, and lipids. 1, 2, 8 The metabolome reflects past events that include whole metabolism and the interaction with the environment, whereas the genome reflects the real and potential functional information of organism. Interactions with the environment (exposure to drugs or chemicals) or the onset of a disease disrupts a homeostasis at different levels of the biological organization, including the metabolome. 11 These metabolites, biological markers or biomarkers, are measurable internal indicators of molecular and/or cellular alterations that may appear in an organism after or during exposure to a toxicant and possible disease. Despite the significant advances in analytical technologies, the discovery of biomarkers in biological fluids remains a significant challenge. 8 Currently, metabolomics is an emerging field in a wide variety of studies such as toxicology, drug discovery, nutrition, cancer, diabetes, natural product discovery and environmental stress. 3, 17, 18 NMR and MS are the most commonly used techniques for measuring the metabolome. 11 Each technique has distinct advantages and disadvantages. MS determines the composition of molecules based on the mass-to-charge ratio in charged particles. For example, LC/MS is highly sensitive, typically at the picogram level, and permits highly specific multiple metabolite identification at low concentrations. However, MS sensitivity is dependent on metabolite pK and hydrophobicity. Similarly, the methods of extraction, quenching, and sample storage conditions can affect and potentially modify metabolite structure, thereby confounding already complex data sets and introducing greater sample-to-sample variability. [22] [23] [24] [25] [26] NMR exploits the behavior of molecules when placed in a magnetic field, allowing the identification of different nuclei based on their resonant frequency. 20 Although MS is more sensitive than NMR, NMR spectroscopy has the advantages of being relatively robust across many samples, relatively fast in addition to being a non-destructive process. 22, 27 Compared with other analytical 
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Magic angle spinning (MAS) is an NMR technique in which a small quantity of intact tissue can be placed in the spectrometer and analyzed. Extracts of tissues can and have been routinely studied using biofluid NMR techniques. 19 However, with any extraction procedure, questions remain about how representative the extract is the same with the original sample and the potential for secondary (nonbiological) reactions induced by the extraction procedure. [27] [28] [29] High-resolution magic-angle spinning (HRMAS) NMR spectroscopy of intact samples provides an efficient way to monitor the metabolites present in a tissue without preparation steps such as extraction. 30 The technique has been particularly popular to aid in the correlation between metabolic profiling of biofluids and the histology of specific tissues, with 1 H-HRMAS NMR spectroscopy being routinely used to provide metabolic information on small intact tissue samples, including kidney, liver, brain and cultured cells. By spinning samples at high speed (typically 2,000-6,000 Hz) at the magic angle to the magnetic field, spectra can be obtained that approach the resolution of solution-state NMR. 22 The technique is carried out by placement of a few milligrams of intact tissue into a specially designed rotor, which is spun at high speed within the bore of the magnet. NMR spectra are composed of hundreds of NMR signals related to major metabolites. To extract useful information from complicated NMR data, pattern recognition methods such as multivariate statistical analysis and target profiling The following metabolites were identified using the Chenomx 500 MHz library. 43 identification has been routinely performed for many years in NMR-based metabolomics, it was largely done on compound-selective basis. Additionally, several companies (Agilent Chenomx and Bruker Biospin) have produced commercial products that implement these concepts in convenient, easy-to-use software programs.
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APPLICATIONS OF METABOLOMICS Disease diagnosis
The metabolomics is used in disease diagnosis. Recently NMR-based metabolomics approach has advanced as a diagnostic tool for a wide variety of diseases. 22 This approach can be used in cancer diagnosis.
1
H NMR-based metabolomics has the capacity to detect colorectal cancer. 43 Fig.3 is HR-MAS 1 H NMR spectrum of colorectal normal tissue which was extracted from the patient by biopsy. The spectrum shows the metabolites which were identified by the comparison with a library. Cancer tissue had shown higher levels of arginine, betaine, glutamate, lysine, taurine and lower levels of glutamine, hypoxanthine, isoleucine, lactate, methionine, pyruvate, tyrosine relative to normal tissue. Nine cancer and normal samples from the same colorectal cancer patients were analyzed by multivariate analysis. The OPLS-DA analysis was carried out using the centering scale (Ctr scale) with SIMCA-P+ 12.0. Fig.4 shows the OPLS-DA score plot for the first two principal components from the present spectra of two groups, namely, normal and cancer. The result shows a clear classification of cancer samples and normal samples.
Forensic
NMR-based metabolomics also can be used in forensic science. For example, organic solvent abuse is a serious social problem, especially among solvent abuse. 44 However, there are no simple screening methods to detect glue sniffers. 1 H NMR measurement of their urine can be used to detect them. Toluene is the main solvent ingredient of glue but it is not soluble to water and has difficulty to detect in biofluids. Inhaled toluene is metabolized to hippuric acid in the liver and excreted in the urine. Hippuric acid is known as a good biomarker for biological monitoring of toluene exposure. Fig.5 shows the assignment of control, glue sniffer and the 2 weeks glue sniffer's urine 1 H-NMR spectra.
Hippuric acid peaks were considerably different in glue sniffers. In glue sniffers group, the hippuric acid concentration was extremely high and the citrate concentration was decreased after glue sniffing. The amount of creatinine tends to reduce in glue sniffers' urine.
Toxicity test
NMR-based metabolomics is being applied in toxicology research. There are many applications in this field and several examples are explained as follows.
-Silver nanoparticles(AgNPs) exposure on liver cell
AgNps has been widely used in the commercial 
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Cancer Normal Figure 4 . OPLS-DA score plot (comp.1 vs comp.2) obtained from the NMR spectra of 18 tissue samples using SIMCA-P+ 12.0. 18 samples were classified clearly into two groups. ▲: cancer •: normal 43 products for the anti-bacterial material. However, AgNPs have been reported as toxic to the mammalian cell, lung, liver, brain and other organs. 45 Chang liver cell after the exposure of AgNPs was measured and analyzed by HR-MAS NMR spectroscopy combined with multivariate analysis. Table 2 shows the major metabolites in the cultured Chang liver cell. The concentrations of glutathione(GSH), lactate, taurine, and glycine were decreased and most of amino acids, choline, analogues, and pyruvate were increased by the AgNPs. And the levels of the metabolites were recovered upto similar level of metabolites in the normal cell by the pre-treatment of NAC, external antioxidant. The results imply that the silver nano particles could affect the level of reactive oxygen species (ROS).
-Bisphenol A exposure on liver Cell
Bisphenol A (BPA) is a important chemical in industry. BPA is used as a raw material for making plastics and resins. We are frequently exposed to BPA because there are many products made of plastics include BPA and it can dissolve to water or alcohol. BPA is widespread in our life and environment, and BPA causes some effects on health of human and wildlife. BPA is endocrine disruptor Fig . 6 shows the difference of control group, 0.5ppm and 1ppm BPA exposed groups. The result shows the metabolites were similar in control and 0.5ppm treated group but 1ppm exposed group is distinguished in its content. is one of the most toxic heavy metals. Toxic effects include damage to the brain, kidney and lungs. Zebrafish were exposed to HgCl 2 to monitor the change of metabolites by the toxicity and whole body extraction was achieved and NMR-based metabolomics were utilized as an analysis tool. Fig.7 shows the changes of major metabolites in the various concentrations of mercury treatment. Some amino acids and nucleic acid are dramatically charged in the high concentration of HgCl 2 . The result suggests that zebrafish is proper species to monitor the toxicity of heavy metal coupled with NMR-based metabolomics.
Conclusion
Metabolomics is a promising study area that changes and provides complete information on organism's metabolism. Metabolomics enable to predict interruption of metabolites changes due to disease or toxic chemicals. It is useful to develop predictive biomarkers of previous interventions as well as provide metabolic pathway disruption. The aim of this review is to introduce NMR-based metabolomics and applications of toxicology, forensic and disease diagnosis.
NMR-based metabolomics with multivariate statistical analysis is a powerful technology in classifying the metabolic differences of experimental groups compared with control groups. Despite various studies in metabolomics, biomarker discovery for a number of major diseases or environmental contaminants is still in unknown. Also, NMR-base metabolomics approach has limitation in finding unique biomarkers for numerous different metabolic reactions. Thus, to extend the sensitivity of NMR techniques, it may be necessary to combine NMR-based metabolomics with more sensitive techniques such as LC-MS and/or GC-MS.
